ABSTRACT
INTRODUCTION
Time-efficient exercise protocols may be the best choice for promoting the health of subjects with limited time resources. In the area of resistance exercise (RT), whose general relevance for cardio-metabolic prevention is now undisputed (Williams et al., 2007; Strasser et al., 2012; Strasser and Pesta, 2013) two methods, namely high intensity training (HIT) and whole-body electromyostimulation (WB-EMS), were identified as candidates that satisfy the time-effectiveness requirement. However, the effect of both methods on dedicated cardio-metabolic parameters has yet to be proved. This is especially the case for WB-EMS, a novel exercise technology that simultaneously innervates up to 12 main muscle groups with dedicated intensity. Although a recent study demonstrated the Institute of Medical Physics, Friedrich-Alexander University Erlangen-Nürnberg Table 1 gives baseline characteristics of the subjects. Baseline characteristics and parameters that may have confounded our results did not vary significantly between the groups.
Tab-1. Baseline characteristics of the HIT and WB-EMS participants; 1 4-day dietary protocol, analyzed by the Freiburger Ernährungs-Protokoll (Freiburger nutrition protocol, Nutri-Science, Freiburg, Germany); 2 as assessed by chi-square test
Variable
HIT n=23
WB-EMS n=23
Difference (p) Age [years] 41.9  6.4 43.7  6. Blood pressure was determined in a sitting position after 5 minutes' rest with an automatic oscillometric device (Bosco, Bosch, Jungingen, Germany). All measurements were taken in a non-fasting condition. Subjects were asked to avoid relevant physical activity 12 hours before the tests and to refrain from coffee or tea for at least two hours prior to testing.
Metabolic Syndrome
The MetS-Z-Score was calculated according to the calculation proposed by Johnson et al. (2007) albeit based on the more recent MetS definition presented by the IDF (Alberti et al., 2006) instead of the NCEP-ATP-III definition (Expert-Panel, 2001 ). Under the IDF definition, MetS is prevalent if waist circumference is increased (≥94 cm for Caucasian males) and two of the four following factors are also present: (1) raised triglyceride (TriGly) levels ( 150 mg/dl (2) reduced HDL-C (<40 mg/dl for males; or specific treatment for previously detected hypertriglyceridaemia / reduced HDL-C) (3) raised blood pressure (85 or 135 mmHG, or specific treatment) (4) raised fasting plasma glucose ( 100 mg/dl, or previously diagnosed type 2 diabetes). Based on these cut-off points, the individual data and the corresponding baseline standard deviation (SD) of the entire cohort the Z-Score was 
Baseline Characteristics, Confounding Factors
Lifestyle, diseases and medication, pain intensity and frequency at different sites were assessed at baseline and follow-up by standardized questionnaires. Changes in physical activity and exercise were also determined by followup questionnaires (Kemmler et al., 2004) and personal interviews.
food was analyzed using the Freiburger Ernährungs-Protokoll [Freiburger Nutrition Protocol] (nutri-science, Hausach, Germany).
Study Procedure
Participants of both groups conducted a 16-week HIT or WB-EMS intervention from November 2014 until March 2015 or from January 2015 until May 2015 in a local gym (Benefital, Herzogenaurach, Germany). All the exercise sessions were supervised; further individual 4-week training logs, prescribing intensity, volume and frequency of the exercise given to the participants were regularly checked and recorded by research assistants.
Participants were urged not to vary their medication, dietary habits, physical activity and exercise throughout the study course.
Hit Protocol
HIT-resistance exercise was defined as "single-set-to-failure protocol with intensifying strategies". The exercise protocol scheduled two, rarely three (9 th , 13 th , 16 th week) exercise sessions per week on non-consecutive days. All the main muscle groups were addressed by 10-13 exercises/session taken from a pool of 17 exercises conducted on RT devices (Technogym Gambettola, Italy). Tab. 2 gives the composition of the HIT protocol.
After 4 weeks of conditioning the periodized 12-week HIT-training sequence started with the specification to work to momentary muscular failure (MMF). Following a maximum effort approach (MMF), the number of repetitions was decreased linearly over 3 weeks with each 4 th week planned as a "recreational week" with lower effort (maximum effort -1 rep). In detail, participants were requested to choose a load such that they were just able to perform the prescribed repetitions. Sets were always conducted to MMF, even when subjects failed to achieve the given number of repetitions. Superset variations conducted either as agonist supersets using related muscle groups (i.e. back lat pulleys, seated rowing, front chins) as or antagonistic supersets (i.e. leg extension, leg curl, leg press) were introduced during the third 4-week phase. Lastly, and additionally, during the last 4-week phase, "drop sets"
were prescribed. Under this concept, after "initial" MMF, subjects were requested to reduce the load once (week 13, 14) or twice (week 15, 16) and work again up to MMF (Tab. 2). Tab 2 -1 -2 to 3 -1 -3
Whole Body Electromyostimulation (WB-EMS)
In contrast to the classical local application, the WB-EMS technology vests and cuffs electrodes (Miha bodytec, Gersthofen, Germany) used in our studies allow simultaneous but dedicated control and innervation of 8-10 muscle groups with a total electrode area of up to 2800 cm 2 .
We applied a WB-EMS protocol involving a bipolar impulse. Based on the available literature (Lam and Qin, 2008; Filipovic et al., 2011) and our past experience Kemmler et al., 2011; the stimulation frequency was selected at 85 Hz, the impulse width at 350 microseconds and the impulse rise as direct (rectangular application). Impulse duration was 6 sec with a 4-sec break between the impulses. Groups of three participants guided by a certified instructor conducted 20 min WB-EMS-sessions 3 times in 2 weeks (each Monday or Tuesday and each second Thursday or Friday or Saturday), always on two nonconsecutive days. In order to generate an effect throughout the range of motion, slight movements were performed in a standing position during the impulse phase as per the instructions in videos that exactly mimic the 6 s movement and 4 s rest rhythm of the WB-EMS protocol.
To generate an adequate intensity of the WB-EMS application, subjects were requested to exercise at a rate of perceived exertion (RPE) of between "somewhat hard" and "hard" (Borg CR-10 Scale "6" of "10" (impossible) (Borg and Kaijser, 2006) . Initially, the impulse intensity was individually adapted in close cooperation with the participant.
The corresponding impulse intensity per muscle group was saved on smart cards to ensure a fast, reliable and valid application during the subsequent WB-EMS sessions. Then this setting was successively increased every 3-5 min during the WB-EMS session to achieve the objective of RPE "hard" to "very hard".
Statistical Analysis
We calculated an a priori sample size estimation that focused on "Lean Body Mass". Based on a Type 1 Error of 5% and a statistical power (1-β) of 90% a sample size of 21 subjects per group was sufficient to detect a 10% (SD: 10%) LBM difference between the groups. Anticipating a dropout rate of ≈15-20%, we aimed to recruit ≈25 subjects per group.
An Intention to Treat (ITT) analysis was conducted that included all participants with baseline data. The ITT analysis was performed using the statistics software R (R Development Core Team Vienna, Austria) in combination with multiple imputation by Amelia II. The full data set was used for multiple imputation, with imputation being repeated 50 times. In addition, the approach of Barnard and Rubin (1999) was used to compute mean, SD (combination of within-and between-imputation variance) and p values (t-distribution with adjusted degrees of freedom). In all cases, the results obtained were in very good agreement with the respective results determined with the approach of Steele et al. (2010) .
Baseline and follow-up data were reported as mean values (MV) and standard deviations (SD). Changes between baseline and follow-up within the HIT and WB-EMS group were described as absolute (tables) and percentage changes (text). With respect to the comparison of the groups, mean differences (with 95% confidence intervals) between HIT and WB-EMS based on absolute changes were reported in the tables. Welch T-Tests were consistently applied to check for differences between the groups (Ruxton, 2006) . All tests were 2-tailed, statistical significance was accepted at p<.05. Effect sizes (ES) were calculated using Cohen´s d´. SPSS 21.0 (SPSS Inc, Chicago, IL) was used for all statistical procedures apart from multiple imputation.
RESULTS
Baseline characteristics did not vary significantly between the groups (Tab 1). The majority of participants were overweight or demonstrated central obesity (HIT: 70% vs. WB-EMS: 78%) according to IDF (Alberti et al., 2006) . With respect to relevant diseases, 4 subjects listed (treated) Diabetes Mellitus Type-II (HIT: n=1), 5 subjects reported slight allergic respiratory disorders (HIT: n=1), 2 participants suffer from depression (HIT: n=1), 3 males indicate resection of the thyroid or hypothyroidism (HIT: n=1). Energy and macro-nutritional intake per se was inconspicuous and did not vary between groups. All participants were in full-time employment, 78% of the participants of both groups were white-collar workers in middle to upper positions.
Three participants of the HIT and two participant of the WB-EMS group were lost to follow-up. Further, as already mentioned, two subjects refused to join their allocated intervention (HIT) and quit the study immediately after randomization without any assessments. One subject gave the study intervention as the reason for withdrawing ("severe discomfort during the WB-EMS application"), four others stated job-related relocation (HIT:
n=1, WB-EMS: n=1), or job-related time constraints (HIT: n=2) (Fig. 1) .
The attendance rate of both methods was high (HIT: 93.3±7.0% vs. WB-EMS: 89.5±10.7%) and did not vary relevantly between the groups (p=.171). With respect to time efficiency, the length of the HIT sequence averaged 30.3±2.3 min/session; the corresponding duration of WB-EMS was 20±0 min. However, taking into account that HIT participants exercised at least twice per week, while WB-EMS participants exercised on average 1.5 times per week, the total volume of exercise conducted in the HIT group was twice (p<.001) as high (847±87 min) compared with the WB-EMS group (403±87 min).
As described above, the perceived exercise intensity of the WB-EMS participants was consistently adjusted to maintain an RPE of at least 6 (5="hard", 7="very hard") during the session. Due to the progression of the HIT protocol (Tab. 2) participants reported an almost linear increase in their RPE starting with 4.75±.28 for the first 4-week period, 5.64±4.4 for the second, 6.42±.39 for the third and finally 7.31±.36 for the last 4-week period.
No relevant negative side effects with respect to musculoskeletal lesions or diseases potentially related to the study intervention were recorded during the study period. Table 3 lists baseline and follow-up data, corresponding changes and group differences for MetS-Z-Score, abdominal body fat rate and the proportion of total cholesterol to HDL-C. At baseline, no relevant group differences were observed for the given parameters. MetS-Z-Score significantly improved in both groups (p≤.031) with no significant differences between the two groups (p=.096). Thus, we verify our hypothesis H1 "that both methods significantly improve the MetS-Z-Score", but reject H2 "that the effects of HIT was significantly more pronounced compared with WB-EMS".
Study Endpoints
Percent body fat rate decreased by -4.5±8.1% (p=.014) in the HIT and 4.0±5.2% (p=.002) in the WB-EMS with no significant difference between the groups (p=.895). No significant changes (HIT: -2.7±7.4, p=. 216 vs. WB-EMS: -2.2±10.2 p=.441)1 and no significant differences (p=.931) within and between the groups were determined for the rate of total cholesterol to HDL-cholesterol (Tab. 3). Table 4 show baseline and follow-up data, corresponding changes and group differences for parameters (except HDL-C) constituting the MetS according to IDF (Alberti et al., 2006) . 
Confounding Parameters
In summary, no relevant changes of occupational, disease, or medication status was reported after the interventional period. Self-reported occupational and leisure time physical activity increased slightly and comparably (p=.793) in both groups (3-6%; p≥.650). Similarly, average exercise participation and weekly exercise volume did not change significantly in the HIT or WB-EMS. However, in response to a specific query two participants (HIT: n=1 vs. WB-EMS: n=1) with particular high weight loss admitted they had started endurance exercise training (2 and 2.5 h/week running) after the second and fourth week of the study intervention.
Dietary intake parameters changed considerably in both groups, but none of the subjects said they had changed their nutritional intake in order to reduce weight or body fat. Energy uptake comparably (p=.159) increased in both groups (HIT: 2.9±9.9%, p=.413 vs. WB-EMS 7.8±10.6%, p=.010). In parallel, relative protein-intake (g/kg/d) increased in the HIT (8.3±21.6%, p=.349) and WB-EMS group (11.0±17.5%, p=.030) similarly (p=.685), resulting in a protein uptake of 1.10±0.22 (HIT) and 1.20±0.27 g/kg body-weight (WB-EMS group) respectively (p=.247).
DISCUSSION
The primary finding of the study was that both interventions, HIT ("single-set-to-failure") and WB-EMS were equally effective for significantly improving the MetS-Z-Score and abdominal body fat in untrained middle-aged males. However only slight, non-significant positive effects were determined for total Cholesterol/HDL-C rate, a parameter still considered as one of the most meaningful predictors of future cardiovascular events (Ridker et al., 2005) . Based on our previous findings we hypothesized that HIT exercise was significantly more effective for combatting cardio-metabolic risk factors compared with WB-EMS, which was obviously not the case. With respect to time-effectiveness and feasibility both training methods were attractive, which was demonstrated by net exercise times around 30 min or less (WB-EMS), low dropout (Pahmeier, 1994 ) and high attendance rates (Peterson et al., 2010) . With one slight exception, we did not detect any changes in confounding parameters that may have limited the evidence of our finding. Most important, physical activity, diseases and medical treatment remained stable during the study period. Although energy intake rose by 3% (HIT) and 8% (WB-EMS) with a largely parallel development of macro-nutritional intake, these factors should not contribute to the improvement of central obesity or MetS-Z-Score. Thus, we conclude that HIT and WB-EMS were comparably effective and feasible methods to favorably address cardio-metabolic risk factors in untrained middle-aged males. This finding was not supported by a recent study of Bateman et al. (2011) which did not report any positive RT-induced changes of the MetS-Z-Score (ATP-III definition (Expert-Panel, 2001 ) or its components in overweight dyslipidemic subjects 18-70 years old. However, apart from the chosen cohort, the progressive RT protocol of the authors considerably vary from the present HIT-program with respect to relative intensity, (no requirement to train to MMF), duration (8 months), volume (3 days/week, 3 sets/exercise, 11 exercises/session) and variation / periodization (consistently 8-12 reps/session over 8 months).
Looking behind the covariates of the MetS, MAP and waist circumference demonstrated the most pronounced reductions, with the latter result confirming our finding of significantly reduced abdominal fat as determined by DXA. While the positive effect of RT on blood pressure is generally accepted (Kelley and Kelley, 2000; Cornelissen and Fagard, 2005; Cornelissen and Smart, 2013 ) most researchers apply moderate intensity resistance exercise protocols. However, a recent meta analysis demonstrated similar effects of low, moderate or high (≥70% 1RM) intensity exercise programs on systolic and diastolic blood pressure (Cornelissen and Smart, 2013) . Although there is some evidence that RT positively effects visceral obesity (Strasser et al., 2012) it could not necessarily be expected that both programs reduce abdominal body fat, at least considering the low exercise volume and short duration of the intervention. Using indirect calorimetry we recently determined a rather low total energy expenditure (EE) of (140±19 kcal) for a comparable 20 min WB-EMS protocol (Kemmler et al., 2012) . However, the high muscular tension of HIT-RT and particularly WB-EMS with its preferential activation of glycolytic type II fibers (Bossert et al., 2006) required fast extra-mitochondrial energy production that prevents the valid assessment of EE by realtime methods such as indirect calorimetry (LaForgia et al., 2006; Robergs et al., 2007; Scott et al., 2009 (Kemmler et al., 2015) also contribute to an increased EE (Stiegler and Cunliffe, 2006; Strasser et al., 2012) although the relevance of this mechanism may be limited due to the short study duration. With one exception, (resting glucose in the WB-EMS group) blood parameters did not show significant favorable effects after the HIT-or WB-EMS intervention. With respect to HIT-RT, a largely identical 20-week "single set to failure protocol" in general created positive effects on HDL-C, LDL-C and triglycerides, although significance was reached for triglycerides only. On the other hand, a recent study with elderly males with MetS confirmed our finding of missing positive effects on lipids and lipoproteins after 20 min of WB-EMS application .
In order to properly gauge the relevance, evidence and generalizability of our results, some particular features and limitations of the study must be addressed.
(1) Our choice to use the MetS-Z-Score as the primary study endpoint offers strengths and limitations. Most critically, only a few exercise studies addressed this endpoint, thus preventing a sophisticated discussion of our study results. Compared with other cardio-metabolic indices (i.e. 10-year CHD risk-score (Wilson et al., 1998 ) PROCAM (Assmann et al., 2002 ) the MetS-Z-Score exclusively focused on modifiable risk factors and was thus more eligible for our interventional research question. (2) Furthermore, some statistical limitations may reduce the evidence generated by the study. Firstly, drawing lots may not be the most sophisticated randomization strategy. However, in the past (Kemmler et al., 2011; our approach of transferring the randomization process to the participants led to high participant adherence. This time, however, two subjects immediately quit the study after "they had allocated themselves" to the obviously undesired study arm, although initially all the subjects agreed to accept the decision by lots. Consequently, we slightly failed to reach our calculated sample size of ≈25 subjects/group; however due to the lower than expected dropout rate, the statistical power of the study ought to be sufficient to detect relevant effects. Finally, related to a lack of corresponding literature, we are unable to generate a directional hypothesis, which was also a minor methodological limitation of the study. (3) We focused on a homogeneous cohort of untrained middle-aged males assuming that both WB-EMS and HIT-RT may be equally attractive and feasible for this cohort. We feel that the results would transferable to corresponding female cohorts, however from a pragmatic point of view a comparison of HIT and WB-EMS in female cohorts was of lesser relevance due to the muted enthusiasm for MMF-HIT-RF protocols in female cohorts. Nonetheless, the relevance of WB-EMS application may be particularly high for female cohorts.
CONCLUSION
In summary, WB-EMS and HIT-RT are equally attractive, feasible and time-efficient methods for tackling cardio-metabolic risk factors in untrained middle-aged males. Since this finding can be applied to muscle mass and strength (Kemmler et al., 2015) WB-EMS can be considered as an effective but pricey option particularly for subjects with low time resources and who unwilling or unable to conduct exhausting HIT protocols.
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